This study compared data from the MODerate-resolution Imaging Spectroradiometer (MODIS) onboard NASA's Terra satellite and the Spinning Enhanced Visible and Infrared Imager (SEVIRI) on EUMETSAT's Meterosat Second Generation (MSG) satellite with in situ data obtained from ground observation stations in Congo-Brazzaville. Remote sensing instruments can be used to estimate air temperature, which has an important role in monitoring the effects of climate change. Congo-Brazzaville is located in equatorial forest, which is difficult to access, and has a limited number of ground meteorological stations measuring air temperature. This study used MODIS and MSG data for the period 2009-2014 to assess the performance of land surface temperature data from satellites against in situ data from ground-based stations in Congo-Brazzaville using a linear regression model. This work has allowed us to determine which satellite is best adapted for use in Central Africa.
Introduction
Central Africa has a rich biodiversity, but there have been few studies of the dynamics, mass balance and regional climatology of this part of the world. Land Atmospheric and Climate Sciences surface temperature (LST) data from remote sensing satellites have been used to study the atmospheric processes in this region, either as a substitute for, or in combination with, more spatially limited ground measurements of the nearsurface air temperature. However, there is a need to improve the assessment and reconstruction of the spatial and temporal variability of the measurements of air temperature at the ground surface recorded by instruments onboard satellites.
Remote sensing technology is a powerful tool to regularly monitor and evaluate the Earth's surface. A major challenge for the scientific community is to ensure that these sensors are correctly calibrated. Post-launch, the onboard instruments are radiometrically calibrated by simulating signals from the surface and the atmosphere based on a single site, which will cause errors between different satellite sensors. The lack of good quality remotely sensed data from different countries and different satellites with multi-source consistency has the potential to limit the scope of remote sensing.
It is therefore important to assess the quality of remote sensing data in Central Africa and to develop a feasible strategy for the quality control of these data (e.g. the AMESD and MESA projects) to ensure the performance of satellites, the quality of the data obtained from them and to guarantee accuracy. This paper reports a comparison of remote sensing data with temperature data measured at ground level to determine whether data from satellites can be used in research work in Central Africa and in the Congo region in particular.
The LST is an important measurement in the global system of data collection by specialized international organizations [1] . LST data have previously been used to improve the quality of prediction in global weather models [2] [3] . The LST is an important parameter in interdisciplinary biological studies, in monitoring ecosystems [4] [5] [6] [7] [8] and in determining the energy balance between the Earth's surface and the atmosphere. The LST is observed by a number of different satellites, each of which is equipped with several different instruments. NASA's Terra satellite is equipped with MODIS (MODerat-resolution Imaging Spectroradiometer), which measures the reflectance of the Earth in 36 spectral bands at a medium spatial resolution and has been designed to monitor medium-and large-scale processes. EUMETSAT's Meterosat Second Generation (MSG) satellite is equipped with the SEVIRI (Spinning Enhanced Visible and Infrared Imager) sensor and transmits a scene recorded in 12 channels of visible, mid-infrared and thermal infrared every 15 minutes with increased spatial resolution [9] . This study used LST data from the MSG and MODIS Terra satellites.
A number of studies have validated the algorithms for the MODIS LST products, taking into account the influence of meteorological parameters such as wind speed and air temperature, the zenith angle of the sensor view [10] [11], the radiometric resolution and the calibration in several thermal infrared bands.
The LST products have been used to analyze land use [12] [13] and land cover [14] [15] [16] and the thermal imager has been used to forecast freezing conditions [17] . This study first determined the number of days on which these two satellites made observations over Central Africa, which corresponds to the number of days with clear skies. The daily and annual temporal distributions of the LST were compared using statistical analysis. The LST behavior was then analyzed with the inclusion of climatic factors.
This paper is structured as follows. Section 2 describes the study area, data and methodology. Section 3 presents the results and their interpretation based on our analysis. Conclusions and recommendations drawn from our findings are outlined in Section 4.
Materials and Methods

Data and Study Area
Data
Two kinds of data were used: 1) satellite image products from MODIS and MSG (Table 1) ; and 2) in situ data from ground weather stations ( Table 2 ).
The meteorological data were obtained from synoptic stations located throughout the country, covering the whole geographical area of Congo-Brazzaville The soils of Congo-Brazzaville are classified as ferralitic soils. Two types of vegetation cover the entire territory-forest and savanna-with a dominance of forest (60% coverage) [28] .
Study Area
There are three types of climate in Congo-Brazzaville. The climate in the north of the country is equatorial with high humidity. In the center, the climate is subequatorial and is strongly influenced by areas of intertropical low pressure 
Methodology
Data derived from the satellite LST products were downloaded from Landsaf.ipma.pt for the MSG data and lpdaac.usgs.gov for the MODIS Terra data.
The data for each day at the time of passage of the satellite over Congo-Brazzaville were stored in two separate data folders for the analysis period 2009-2014. The data files were extracted to provide time series by hour, day and year [31] . To reduce the time required to read and analyze these data, Matlab and ENVI were used to write processing codes.
The codes were intended: 1) to read HDF files to re-projection; 2) to resize the data according to the study area; and 3) to extract the values of each pixel based on the geographical coordinates of each station to generate a file of the time series for the data. The time series were limited to the available observations of the satellites, which were limited by the presence of clouds. Another code was written to match the dates of the LST time series with the in situ data for each station. We numerized the in situ data and used a regression method to determine the correlation coefficient between the MODIS and MSG data and the in situ data. The number of cloudless days is defined by Equation (1):
Percentage number of data cloudless days *100% ( ) influence is locally accentuated by the extensive forest cover and the large number of lakes, rivers and wetlands [36] . Toward the southeast (Brazzaville) at 700 hPa, the relative humidity varies between 60 and 80% and extends to the southwest (Pointe-Noire). This corresponds to the dry season in the southern hemisphere in June-September. At 850 hPa in the northern hemisphere, the average relative humidity varies between 70 and 80% from November to July. When the relative humidity at the surface increases, the clouds change from shallow to The results shown in Figure 3 and Figure 4 confirm that the presence of cloud cover over the Congo-Brazzaville is responsible for the low number of daily satellites observations shown in Figure 2 . more moderate [39] in the region with an equatorial climate (e.g. Ouesso station). The differences between the MODIS LST and MSG LST data and the air temperature measured at the ground stations show that data from both sensors are strongly controlled by the frequency of cloud cover [40] .
Results and Discussion
Determination of the Number of Cloudless Days
The data from Gamboma station show that the MODIS LST values overesti- In general, the values of the MSG LSTs overestimated the observed temperature, whereas the MODIS LST values underestimated the observed temperature (Table 3) . These results are in agreement with previously reported work [41] . Table 4 . Correlation coefficient (r) and RSME between the LST data and the air temperature in regions with an equatorial climate. 
Correlation between the MODIS LST and MSG LST Measurements and the In Situ Air Temperature
Conclusions
We carried out a comparative study between the data obtained from the MSG and MODIS LST products and the air temperature data measured at ground level to determine whether these satellite data are suitable for use in research work in Central Africa. There is currently little published climate data available for this part of Africa.
The MSG LSTs showed a moderate correlation with air temperature measurements at 2 m above ground level at meteorological ground stations in the The air temperature measured by these satellites can be used in future studies of climate change and in high-resolution regional climate models. The small amount of data from the two types of temperature measurement are a result of a number of factors, including temperature inversion, heterogeneities in surface emissivity and self-limiting satellites.
Future work should be carried out to evaluate LST products from other Earth observation satellites and to compare these results with a numerical model for this region.
